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TANK INVESTIGATION OF A POWERED DYNMIIC MODEL OF A LARGE
LONG-RANGE FLYING BOAT

By John B. Parkinson, Roland E. Olson, and Marvin L Harr

SUMSIARY

Principles for designing the optimum hull for a large long-
range$ying boat to meet the requirements of ~eaworth-inew=,mini-
mum drag, and ability to take 0$ crnd land at all operational
gross loads were incorporated in a YL+ize powered dynamic
model oj a four-engine transport $ying boat ham”ng a design
gross load of 165,000 pounds. These design principles included
the selection OJa moderate beam loading, ample forebody length,
suj%ient depth of s+ep, and close adherence to the form of a
sh-camline body.

The aerodynamic and hydrodynamic characteristics of the
model were investigated in Langley tunk no. 1. Tes+s were made
to determine the minimum allowable depth of step for adequate
landing stability, the suitability of the fore-an&aft location of
the step, the take-of performance, the spray characteristics, and
the <fects oj simple spray-control deuices. The tefit results indi-
cated that: Landing stability teas satisfactory with a depth of
step oj 9 percent beam at the centroid; the hydrodynamic ccn&-
gf-grauity range for stable take-o~s was .satisjactory as to extent
and position with respect to the s%zblejlight range desired; the
take-of perjorma.nce wag satisjattory jor the power loading as-
suraed; the relation of the proportions to the design loading oj the
hull was correct for satisfactory s-pray characteristics; and large
owrloads were possible with re[atirely simple spray-control de-
rices. The application oj the de.s-igncri&rions used and test
results should be useful in the preliminary design of similar
large $ying boats.

INTRODUCTION

In reference 1, principles for designing the optimum huII
for a large long-range flying boab were proposed to meet the
requirements of sea-worthiness, minimum drag, and ability
to take off and Iand at aII operational gross loads. These
principles irduded the seIection of a moderate beam loading,
ample forebocly length, sufficient depth of step, and close
adherence to the form of a streamline body.

Figure 5 of reference 1 shows the lines of an experimental
hulI form illustrating the application of the proposed princi-
ples. This form has since been incorporated in a pow-ered
dynamic model of a four-enghe transport ilying boat,
LangIey tank model 1S0, and has been tested in LangIey
tank no. 1. The investigation included the determination
of the aerodynamic lift and pitching moment, take-off and
landing stability, spray characteristics, and excess thrust of
the powered model.

The present paper summarizes the results of the tests for
use ~ the application of tie hfl ties to the design of similar

airplanes. This paper also further illustrates the procedure
for the design of flying-boat hulls outhned in reference 1 and
redefines the hydrodynamic criterions used in the Langley
tanks for evaluating depth or ventilation of the step, fore-
and-af~ Iocation of the step, and effectiveness of devices for
controI of spray. The modi.flcations instigated are typical
of smaII changes in hti lines that offer the possibility of
large improwments in the hydrodynamic characteristics N.
their effects are judged in the terms of the pertinent full-size
performance criterions.
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maximum beam over chines, feet
mean aerodynamk chord (M. A. Cl.), feei
&ag of modeI tithout propellers, pounck

increase in drag due to slipstream, pounds
Ioad on water, pounds
gross Ioad, pounds
acceleration of gravity, feet per second per second
Iength of forebody from bow to step centroid, feet
aerodynamic pitching moment, foot-pounds
measured resuIMnt horizontal force with power on,

pounds

density of air, slugs per cubic fooh
area of wing, square feet
propeIIer thrust, pounds
carriage speed, feet per second (approx. 95 percent of

airspeed)

specific weight of water, pounds per cubic fooh (63.2
for these tests; usuaIIy taken as 64 for sea water)

elevator deflect ion, de=~ees
flap deflection, degrees
trim (angIe between base line of hull and water plane),

degrees
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FIGURE I.—Perspective drawing of proposed airplane.

DESCRIPTION OF MODEL

OVER-ALL DESIGN

LangIeytanl: model 180repre.se.nts along-range transport
seaplane powerecl by four 3000 -horsepowe.r engines ancl having
a design gross load of 165,000 pounds. Such a seaplane should
be seaworthy in sheltered waters and moderate open-sea
conditions, should have a. considerable range of hycfro-
d.ynamic as well as aerodynamic stable positions of the center
of gravity to accommodate a variety of loacling conditions,
and should be capabIe of overloading for economy on long
over-ocean flights. The hydrodynamic clesign generally
should be conservative to allow for the variety of operating
conditions encountered in long-range commercial service
without undue impairment of the primary functions of the
airplane.

.4 perspective drawing of the type of airplane represented
by model 180 is shown in figure 1; the aerodynamic and
propulsive characteristics and hull dimensions for its design

are given in table 1. The general arrangement of the modeI,_
which is }L full sizej is shown in figure 2.

J3ULL DESIGN

The hull was designed according to the procedure of refer-
ence 1 aftxx the general specifications and over-N design
had been determined.

Beam,—The beam was selected to give a sat.isfact.ory
functional width of fuselage for the type of airplane and tp
give a vaIue of the gross-load coefficient. (bcarn Ioadit@ near
the upper limit- recommended in reference 1 for convention~l
length-b-earn ratios. From the expression for gross-load
coefficient

CAo=#&

the beam of 15 feet and the design gross load of 165,000
pounds correspond to a ~Aoof 0.76.
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In considering the design wing and power loadings, some
overloading should be anticipated in the airplane design in
order to make operation possible under extreme loading
conditions. If an o-rerlozd gross load of 185,000 pounds is
assumed, the gross-load coefficien~ becomes 0.86, which is
still within the range of those currently used for conventional
hulls. The actmd hydrodynamic Iimit in load depends on
the spray characteristics and stability of the speciilc configur-
ation, as -well as the power Ioading, and is a subject for addi-
tional investigation both in the tank and after the airplane
k placed in operation.

3ength,—The length of the forebod-y was seIected to pro-
vide a satisfactory functiortal Iength of fuselage ahead of the
center of ~gravity, and a conser~ati~e length-beam ratio for
the gross-Ioad coefficient w-as chosen to insure adequate spray
controI and seaworthiness at low speeds. From the follow--
hg relation from reference 2

the forebody Iength-beam ratio of 3.4 gives a value of k of
0.066 for the design gross load, which, from experience with
similar configurations: insures sticient length of forebody.
The overload gross load corresponds to a vaIue of k of 0.074,
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-which -was viithin the accepted range in reference 2 for an
overload condition, although not the -ralue recommended
for the design condition.

The afterbody Ien@-beam ratio of 2.5 was selected arbi-
trarily from previous experience. This due vi-as checked
b-y a preliminary load waterline calculation to insure sufE-
cient buoyancy aft. of the center of gravity and to insure Lon-
gitudinal stability for the static condition. The Iength-bea.m
ratio of forebody plus afterbody therefore is 5.9, which is
representati-re of desiagp practic~ for the assumed gross-Ioad_
coefficient.

Depth,—The depth of the hulI was chosen from experience
with a similar modeI to correspond to a height. of the burigd
wing root. that gives sat isfact ory clearance from spray for
the propellers and flaps. The depth of the hulI is also suit-
able for the layout of two full decks, -which would be desirable
for a transport fuselage of the. size represented.

Step,—.As stated in reference 1, a 30° V-step w-as seIected
in preference to a transverse step on the basis that Iess
mean depth would be required for adequate Ianding sta-
biIit-y. The forebody and afterbod-y lengths are then
referred to the. center of gratity of the step plan form
(centroid). .A tentative depth of step of 6.5 percent. beam
at the centroid -was selected with the assumption that the
ha] depth would be based on the Ia.ncling stability of the
modeI. The relative fore-and-aft location of the step and
wing was selected so that a Line from the step centroid to the
mean design location of the center of gravity (30 percent
M.A.C’.} makes an angle of 12° with the vertical. This
angIe is the same as the estimated angle of trim for a full- _.
stall landing as proposed in reference 1, with the assumption
that the i3naI location of the step would be based on the
take-off stabiIity of the model, particularity the location of
the forward limit of stable positions of the center of gravity.

Angle between forebody and afterbody keels.—The angIe
between the keels has a marked effect on the trim and spray
at ta-xying speeds. The -due of 7° used is a good compro-
mise for most Hykg-boai hulk to give satisfactory trims
up to the hump speed and acceptable resistance at, speeds
approaching take-off. ●

Shape.—The lines of the hulI are shown in figwe 3 and
detailed offsets of the form tire given in table H. Since the
height of hull at the wing root is greater than the maximum
beam, the basic form of the hull for minim um dragg was
taken as a streamline body with elliptical cross sections to
which the forebody and aft erbody planing surfaces were
added and blencled as harmoniously as possible by mems of
drawing-board layouts. The plan form of the hull and the
variation of the minor axes of the ellipses are the same as
the thickness variation of the NT.4.CA 00 series of airfoiIs
(fig. 1 of reference 3). The ratio of the major to the minor
axis of the cross section has a constant value of 1.35. The
mean line of the elhpt ical body (loci of the centers of the ___
ellipses) is curved upward aft of the ma-ximum section to
give the desired deck line af~ of the wing and the desired ___
vertical location of the tail root.
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The forebody planing bottom at the maximum beam,
station 9, has an angIe of dead rise of 200 at the keel ex-
cluding chine flare and an angle of clead rise of approxi-
makJy 17.5° including the chine flare. The buttocks in
this area are straight and parallel -for approximately 1.5
beams forward of the step centroicl .. .. l?orward of the plan-
ing bottom the angIe of dead rise inc.rea.ses to about 50° att
the forward perpendicular, and t-he bottom sections are
faired to give straight or slightly concave water lines near
the bow.

The afterbody bottom has straight-line-bottom sections
with 20° dead rise. The tail extension above and aft of the
sternpost is fairecl to give easy water lines ancl to blend into
the basic elliptical body at the tail root.

The use of the streamline pIan form and elliptical topsides
results in ove.r-alI form which presumably has a relatively
low aerodynamic drag for the dimensions and proportions
derived. Modifications for adaptation to the final design
such as the addition of the pilot’s canopy, fairing of the wing
root, and widening of the plan form aft for structural rigidity
of the taiI extension are outside the scope of the preliminary

design and would not have a Iarge effect on tlw results pre-
sented in this paper.

THE POWEREDDYNAMICMODEL

Photographs of model 180 are shown in figure 4.- The
model was constf’uctcd of balsa and plywood arid was
powered with four variable-frequency al~ernating-current
motors installed in the nacelles and driving four-blade
wooden propellers.

The .~odel was fitted with leading-edge slats to obtain an
angle of stall equal to that estimated for the fuI1-size wiug
and with movable elevators controlled from the observer%
seat on. the towing carriage. The flaps were of the simple
split fiype extending over 51.6 percent of the wing span Hnd
having_ a chord 21.5 percent of the mean aerodynamic chord.

The hull had a horizontal parting line and a removable
step section to facilita~e changes in the hull bo~~om during
the tests. The hull was equipped with racks for lead ballast
and fittings for various locations of the towing pivot from
20 to 42 percent of the mean aerodynamic chord.
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FIG CM. 4.—Model 1s0.

The pitching moments of iuertia of the ballasted modeI
wwe:

The. toteil w-eight of the ballasted model and towing staff vias
somewhat greater than the scale desi=~ gross load; therefore,
tests requiring complete d-ynamic sirnikmity were made at
the scale o-rerloacl gross load without the use of counter-
weights.

GENERAL APPARATUS AND PROCEDURE

The tests of LangIey trmk mode~ 1S0 were made iu LangIey
tank no. 1, which is described in reference 4. The apparatus
and procedures used for the towbg of powered dynamic
models are described in references 5 and 6. In general, the
moclel w-as run a.t the 6-foot wzter le-rel under the center of
the towing carriage w-here the air flow is parallel to the water
surface and the airspeed is approximately 5 percent higher
than the carriage speed. The model was free to trim ‘about
the pi-rob, which is located at, its ballasted center-of-gravity
position, and -was free to mo-ve vertically but -was restrained
in roll and yaw. The towiug gear ~as connected to the re-
sistance dynamometer which measures the net horizontal
force applied to the modeI by the gear. A tiew of the model
setup on the towing apparatus is sho-wn in figure 5.

AERODYN.MIIC CHARACTERISTICS

EFFECTIVE THRUST

The effective thrust, defined as the propeller thrust minus
the increase in drag due to slipstream, w-as determined at

.%3302 &5~16

FIGLTHJ 5.—>[@M 1~ and towing apparatus.

-i-arious speeds throughout. the talie-off ~ange vi-ith the model
support ed in the air so that its center of gravity was 1.3
beams abo~e the -water. This thrust was calculated from the
relation

T8=T–AD=DC+-R

The effecti~e &rust thus determined for the modeI at the
f&power condition is plotted against speed ia figure 6 and
is show-n together with the estimated scale thrust for the
assumed ffl-si,ze en=ties and propellers.

UFT ~X~ PITCEINGMOMEXT

Ta.lues of the lift and pitching mom~t were determined at
-rarious speeds and trims -with the model in the air in the
same position as for the determination of the thrust. .The
moments were taken about a pi~ok point Iocated ab 24 per-
cent of the mean aerodynamic chord. The data from the
tests with full power are plotted against speed in figure 7.
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FIGnE 6.—Variation of effeeti~e thrust with speed. ModeI i% trim, 0“; &=30°; &=0”.
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Data with and without pov..-er plotted in coefficient form
against trim for a speed of 35 feet per second are shown in
figure 8. These results are typical for mult-iengine con flgu~a-
tions in the take-off range and illustrate the large effect of
power on the coefficients. The results ako include the
ground effect. due to the proximity of the water which de-
creases the downw-ash and constricts the slipstream flow
under the model.
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FIGUEE &-Varisition of aerodynamic lift and pitching-moment coefficients wfth

trim. Model w ;1=240; center of gravity, 24 pereeni mesn aerodjmmic chord V=35 fwt

r m’ seeond.

HYDRODYNA3HC LONGITUDINAL STABILITY

L.4YDIXG STABILITY

The landing stability was iu~estig%t ed at. various landing
trims by flying the model at the desired trim and then uni-
formly decelerating the tow-ing carriage to s;mulate thgl~nd-
ing maneuver. The resulting variations in trim and rise
were recorded on wax pzper by a stylus attached to the
model, ancl the records obtained -were used as an indication
of the landing stability.

Landings of the original confrgurat ion, Lr+ngIey ta~k
modeI 180, with the center of gravity at 30 and 40 percent
of the mean aerodynamic chord, were made at. a rate of
cIeceIerat ion of 2.5 feet per second per second with the flaps in
the landing position and with the propellers windmill ing. ” The
results are shown in figure 9. The model was unstable during
landings at trims above. 5° (afterbody keeI parallel to the
water surface), indicating that the depth of step was inadeq-
uate for complete ventilation. The depth of step m-as there-
fore ticreased from 6.5 to 9.0 percent beam at the centroid ___
by lowering the forebody.

Tests of the model with the deeper step, Langley tank
model 180–1, were made under the same conditions except
that the deceleration was reduced to 1.0 foot per second per
second, and the results are shown in figure 10. The effect of
the modification was to eliminate most of the instability -
shown in figure 9.

The landing stability of rnodeI 180–1 with the center of
gra-i-ity at 40 percent mean aerodynamic chord and at the
overIoad gross load is shown in. figure 11. The records in
figures 10 and 11 indicate that with adequate depth of step
the position of the center of gravity and the gross Ioad have
little effect on the landing characteristics.

TfUMf,IMITSOF STABIUTY

Since longitudinal stability characteristics are cornmmiy
evaluatec{ in terms of the trim Iimits of stability, these limits
without power -were determined at the design gross lo?d for
both models 180 and 180–1 and are shown in figure 12.
Increasing the depth of step to insure adequate la@ing
stability raised both branches of the upper limit and reduced
the spread between the two branches, at speeds just before
get-away, from 4.5° to 1.5°. At high speeds, the stable
range of trim between the lower Iimit. and upper limit,
decreasing trim, for modeI 180–1 was about. 7“.

The trim limits of stabiIity for model 180-1 with power and
at the o-rerIoacI corresponding to 185,000 pounds are shown
in figure 13. The spreacI between the two branches of the
upper Iimit ancl between the upper and lower trim limits is
appro.ximateIy the same as for the trim limits without PO-WE% -
at the design gross load. The trim knits of modeI 180-1
with and without power are plotted nondimensioually in
figure 14.
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FIGCRE 12,—Trirn limits of stabflity without power. Models 180 and 180-1; grossload,

94.3 pounds (165,fxJ0lb, full size); 3,= 55°.
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TAKE-OFF STABILITY

The range of stable pos;tion of the center of gravity of
model 1.80– 1 was de terminec{ by making take-offs \vith po \Vu
at various positions of the center of gravity and scvwal
elevator deflections. In these tests a uniform rate of accel[’r-
ation of 1.0 foot per second per second was used, R{’pres.en-
tative trim tracks ancl their reIation to the trim limik of
stability arc presented in figure 15 for various positions of
the. center of gravity over the anticipate] take-off range.
The results are summarized in figure 16 as a.pIo t of maximum
amplitude of porpoising against position of & cwtcr of
gravity. This figure indicates that sbddc take-offs C.OULIbc
made with a fixecI elevator deflection of —20° ai positions of
the center of gravity from 24 to 37 percen~ mean acrodyuamic
chord. .~. cross P1OLof elevator clefhxiion required for s~ablc
take-off against position of the center of gravity is shovm in
figure 17. Stable take-offs with fixed elevator deilcct ions
-were. possibIe at W practicable positions of the center of
gravity, and elevator control was ako avaiIable for recovery
in the e>zent that porpoising occurred. The stabl~ range of
position of the center of gravity for take-off of mod(~] 180-1
~f~aslargerthan for most models tested in thti Langley tIIIdLS.

The. location of the stable range of the moclel for talce-ofl’
with respect to the stable range for flight was sat isfac kmy;
therefore, no fore-and-aft movement of the step was required.

.EYDRODYNANIIC TAKE-OFF PERFORMANCE

The resistance characteristics of tljti model tit trims and
loadings corresponding to take-off power were investigated
by measuring the excess thrust zvailablc for acceleration
with the propellers developing the scale effec~ive thrust
shown in figure 6. This thrust was made equal to the- esti-
mated value at each speed by aclj usting the revoIut ions per
minute. ‘Me model was tested at, the design gross Ioad with
the flaps in take-off position and with several deflections of
the elevators in order to include trim for rmaximum excess
thrust,
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(i) Center of ~atity, 40 percent mean aer.xlwamic chord.
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FiriuEE 15.—Variation of trim with spwd. Model 1S+1; grass load, 105.7 pounds (1 S5,(XYI lb, full size]; 3f=30°; fuff prm%r.
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FIGURE 16.—Maximum amplitude of porpoising at different positions of the center of gravity

with power. Model 18&I; gross losd, 105.7 pounds (185,0Ul lb, fu11size);3r=30°.

The excess thrust and trim of Langley tank modeIs 180
ancl 180–1 are puesented in figures 18 ancl 19, respectively.
These curves nave. beel~plottecl so tllattlley l]avet}le same
generaI shape as the resistance curves used for take-off
computatiol~s. A comparison of simiIar curves for both
models indicates thai the increase indcpth of step raised the

Speed fps

FIGURE 18,—Variation of excess thrust and trim with speed. Model 180; gross load, 94.3

pounds (165,000 lb, full size); 3/=30”; center of mvity, 25 percent.mean aerodynamic chord.

-30

D

L&Mtoble,upper-
C

8
c
%
<-/0
Q
p Unsfable,lower-

%

92 26
“Centerof qravity,percent A%A.C.

FIGURE 17,—Rrmge of position of the center of gra~ity for stable take-off with l!owcr. Mcdel

18+1; gross load, 105.7 pounds (185,000 lb, full size); .$/=30”.

hump trim approximately 10 and sligh~}y incmnscd tile
hump resistance. When maximum excess thrust, is usccl,
model 180 requires a take-off time of 53 seconds and a take-
off cIistance of 4100 feet; whereas the take-of time of LangIey
tank moclel 18”0–1 is 54 seconds and the take-off distance is
4300 feet (full size).
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Fm uR?i19,—V-ariation of excess thrust snd trim with speed. Model 18+1; grow lend, 9+.3

pounds (165,COUlb, full size): 3$=30°; center of gravity, ~ perc@nt mean aerodynamic chord.
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SPRAY CHARACTERISTICS
BASICCOWIGUR.LTLOX

The spray characteristics were in-restigated by making
constant speed and wceIerated runs with fuII power and
with the propellers windmillirxg in order to observe the effect
of pcwer. Photographs were taken of the spray in the pro-
pellers and of the flow of water around the afterbody and
taiI extensioriduring the constant-speed runs, and motion
pictures were taken during the accelerated runs for additional
study. For the power-on tests, the propellers were dri-ien
at a constant value of 4000 rpm, w-~lch wm a mean YaIue
for development of scaIe thrust throughout the speed range.

Photographs of the bow spray of Langley tank modeI 180-1,
over a speecl range in which the bow spray enters the pro-
pellers, are presented in figure 20 for gross loricls corre-
sponding to 165,000 ancI 185,000 pounds. The spray charac-

1

I

I

teristicsof model 180–1 and modeI 180, which hwl 0.37 inch
less cIearance between the propeller disks and the water
because of the shallower step, were approximately the same.
At the gross load corresponding to 165,000 pounds, only ‘--
Iight spray entered the propellers with full power oYer a
speed range from 11.0 to 14.5 feet, per second. At the over- __
Ioad condition corresponding to 185,000 pounds, the amount
of spray in the propellers increased, but the spray charac-
teristics were still acceptable (fig. 20). The amount of spray
striking the flaps at. the desi=m gross load was light, both w-ith
full power and -with propellers windmilIing.

On both models 180 and 180-1, water from the afterbody
flowed up the sides of the tail extension and wetted the under
surface of the horizontal tail at ~pproximately hump speed
(fig. 21). This condition was slightly worse with the pro-
pe]]ers windrding than with full power.

v= 10.1 fps; T= 7.3” V=1O,3fps; ,=5.2”

v= 12.3 fpx ,=s.2’ v-=12.3fps; r= 6.3’

1“= 11.2 frs; T=9.$F

Pro@ler? Mndmilling

(al Gross !oad, 94.3 fmunds (165,MI Ib, full We).

V=14.3 fps; T=8.7”

Full wwar

FIGGRE 2).-Bow .~ray. 31ocW 18+1: &=o”; $~=3@’; center of gra~ity, 2S perwnt mean aerodynamic chord.

●
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I’=m.ofcs:T=7.3” l’=lO. lfPs; r=5.2°

V=12.2f~s; 7=8.1°

l’=14,2fps; ,=9.s”

Propellers wimirailling

t’=12.2fps; ,=6,3°

V=14.2fps; 7=8.8”
Fullpovwr

(b) Gross load, IO&7 pounds (185,cWlb, fullsize).

FJGGRE 20.—Concluded.
.- >

,.
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FmrrtE 21.—FIow of water around afterhody and tail exf em:ion. Model MU-l; gross load, 94.3 pounds (1’6WII lb, full size]; &=0”; ~f=~”; center of ~a7itY,

2S Eercent mean aerodyrmrnic chor~
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V=13,1f~s;,=8,6”

V=l’iofps; 7=9.8”

T’=15,0fps; 7=11.2”

PropcUers windmilling

o.50...5

7;L ‘

.50.”

-r

Ahdei [.90-2~ Model f80-3

(b)

(b) Sketch of brwkers trip. Langley tank models lL?&2 and 1s0-3. (Mldimensions arc in

irrrhm,)

tail extension for spray control.

T’=13,0fps; T=7.1”

V=l.i. lfps; 7=8,’4”

V=14.9fps; r=8,8°

Full power

FIGURE 23.—FIOW of water around r+fterbody and tail extension. Model M-% gross load, TL3 pounds (165,(09 lb, fu[I sire); 6,=0”; df=2@; center of gmvity,

28 percent mean aero(iyrrarnic chord.
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MODIFIC.4TIOXS FOE SPRAY COXTEOL

!l!ail-extension breaker strips,—The addition of breaker
strips, shown in figure 22, to the tail extension (Zangley tank
model 180–2) w-as effective in pre-reDting the water from
wetting the sides of the tail extem=ion or the horizontal tail.
Photographs showing the flow of water around the tail exten-
sion for model 180–2 are presented in figure 23 and may be
compared with similar photographs shown in figure 21 for
model 180-1. The formation of a. planing surface on tke tail
extension (Langley tank model 180–3), show-n in figure 22 (b),
w-as almost as effective in deflecting the water as were the
breaker strips.

??orebody spray strips.—~though the bow spray charac-
teristics of models 1S0 and 180–1 were considered satisfactory
at the design gross load, inboard spray strips w-ere added to
the forebody (Langley tank model 1804) to obser~e their
eff ecti-reness in reducing the propeIler and flap sp~a-y at
overloads. The spray strips, shown in figure 24, were added
without increasing the beam of the model. With the strips
on the model, no spray entered the propellers up to a Ioad
corresponding to 200,000 pounds (fig. 25). hTo water struck
the flaps with fulI power at the load corresponding to 185,000
pounds and only light. spray struck the Haps at, the load
corresponding to 200,000 pounds. The addition of plasteline
fairing, shown in figure 24., to the spray strips (Langley tank
model 180–5) did not appear to reduce their effectiveness in

94\25” “-Sproyw%+ vWh
pfG.sk?J@fatiiog

MOdd [80-4 Modd /80-5

.54
J,

.65 ..Q
+

, 4’ ,.
~d @x? of SW’~y &..@”( ‘Or@ml ~ne
< I

I
53.79

‘1I

EIGcizE24.-SW3%strips on for~bod~.LangI~y tank models lW and 1S0-5.

(All dimensions are in inches.)

preventing the spray from entering the propellersor striking

the flaps.

EHect of spray-control devices on stabilityand take-off

performance, —Breaker stripson the tailextension bad no

appreciable effecton either the take-offperformance or the

stabilitycharacteristics.

The addition of inboard forebody spray stripsincreased

the range of stabIe trim by lowering the lower limit approxi-

mately }4°. A simiIar trend in the lower Iimit hm been

observed -when the chine flareof another model was increased.

Within the ticcuracyof the tests,the forebody spray strips

had no appreciab~e effecton the upper trim Iimits,on the

range of stable position of the center of gravity for take-off,

on the Ianding stability,or on the resistance.

C!ONCLTJSIONS

The results of the tank investigation of Langley tank
model 1S0 indicate further the vaLidity of the hydrodynamic
design principles used and illustrate the hydrodynamic per-
formance criterions employed at the Langley t a.nks for
evaIua.ting the merit of the proposed hull form. The signif-
icant conclusions regarding the design of the long-range
transport flying boat investigated may be summarized as
folIoKs:

1. .~ depth of step of 9 percent bean at the centroid was
required for satisfactory landing stability and reco-rery from
upper-limit porpoising.

2. The hydrod.ynamie center-of-gravity range for stable
take-offs -was satisfactory as to extent and location with
respect to the stabIe flight rmge desired. With fixed eleva-
tors, stabIe take-offs were possible over a range of position of
the center of gravity of approximately 13 percent mean
aerodynamic chord.

3. The take-off performance -was satisfactory for the power
loadi-ng assumed. The take-off time was approximately
54 seconds and the take-off distance -was approxinmt ely
4300 feet. at a gross Ioad corresponding to 165,000 pounds.

4. The relation of the proportions to the design loading of
the hti was correct for satkfactow spray characternsti=-
Overloads up to a gross load correspomling to 200,000 pounds
were possible with reIati~eIy simpIe spray-control devices.

5. 2?avorable hydrodynamic cha.ract eristics were obtained
without departing widely from the desirabIe aerodynamic
form of hull compatible with an effi~ient over-all design.

These conclusions are beliered to make the hull Iines and
the associated tank data of general interesk and should be
usefuI in the preliminary desi=m of large flying boats of the
modeI 180 type.

LANGLEY LIEMORIAL .lERONAUTICAL LABORATORY,

NTATIONAL ADVE50RY coMMrrTEE Eo3zAEROxAUTICS,

LANGLEY FIELD, VA.) A’ocember .29, 19zi6-
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V=10.IfPs; ~=5.2° v=lo,lffw; T-5.6”

t’=12,1fps; r=6.4° V=12.2fPs; r=7.00

v=14.lfps; T=8,8”

(a)Gross Ioad, 105.7pounds (w,5,Wl b, fuIIsizc).

V=14.2fps; r=9.2°

(b) Gross load, 114.0 pounds (2W,@Xj Ib, fu]l size)<

FIGURE 25.—M0dd 18W4. Bow spray, full power, 8.=0°; .?J=J30”; center of gravity, 2.S percent mesn aerodynamic chord,
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TABLE I.—AERODYNAMIC AND PROPULSIVE
CHARACTERISTICS AND HULL DIMENSIONS

OF LANGLEY TANK MODEL 180

FuII .Sze
MdeI M,
~z furl sire

GeneraL
Design gross Ioad, lb. -..-- .--. --..—____ Iq g 94.3
Wing srea, sqit- . . . . . . . . . . . . . ..-.. ____________ 25.58
Take-off horsepoWr---__--... -–—.__— Id frill 201
Wing loadfng, lb/sqfG ---------------------- 44.9 3.69
Powwlouiin& lb@p . . . . ..- . . . ..--.._.–– 13.7 46.9

wing:
Sp-a, it. .-.-. _-–—-—- .—— 2X 16.7
Root ChO@ ft (NACA 23020 section) -- . . . . . ..- 27.96 2.33
.-. .. . ,,, ,. ., -, . . . . . . . .

9.36 0. 7S
,,, ,.: ,. 5.5 5.5

.. , ‘-.,,..,... ,,,’

ieadfn~ ecike, $i.4.G.
20.12 Lf$

Aft of bow, ft.-- ..--..-________——_____ 42.14 3.51
Abore bass fine, ft.. ------------------- la S’S L 57

FIa.m, spIit
Sernispm, ft.-.. -... -..---.-..._ —-—-– 51.6 4.30
Chord, fc----- .- . . . ..----.- —. —-. —- 4.33 Q.30
Te.ke-oE deflection, deg . . . . . . . . . . . . . . . . . . . 30 30
IJInding deflection, deg.. .._. -- . . ..— 55 55

Horizontal taif surfzwes:
Spin, ft--------------------------- 6L 67 L 14
Leading edge at root

Aft of bow, ft... _-— 10.5.9 %83
Abo~e bass line, ft. ..-.. --- . . ..––-—---- 24-5

Area of stabilizer, sq ft ------------------- 43% 4 ;$
Area af elevator, sq ft... . ..---__- .. —.-–—
Totaf area, sq ft.. -.. -.--. --—--- ------------ %$: 5.n
Angfe of stabilizer to bass iine, deg.. . ..-. -–_ 3.0 30
Dihedral, deg. - .--- .-—__ 8.0 so

Propellers:
h’mbw ----------------------------
Blades. . . . . . . . . ..--_-_————-.—_. : :
Diameter, ft.-. -..----... –_-__-.._-——-. 17.67 1.47
Blade angler (3/4 rad), deg---------------- .. —. —--
FrLU powr, ram. -... -.. -..:...- ------------ -._. -;-j_ &$:
Angle of thmst fine to baee hne, deg. -...-.. .
Center line of inboard propellers rtbove b?se

HW. ffne, in ..- —.. -. —- — .---------.-Z--—.- 254.5 2L 2

Maximum beam, ft.. ______________ 15.0
Length of fmebadg, ft- . . ..- . . . . .._-.—..—___ 5L 0 22

Length of afterbcdy, ft.-......----..._____—_ 37.5 3.12
Length of taif extension, ft ------------------- 35. w 3.0
Over-aff length, ft . . . . ..- . . . ----------------- WI. +9 10. 3s

A@e of main step (V-t~), deg-------------- 30 30
Depth oi step at keel, in.--. -–--—__— 15.96 L 33

Depth of step at centroid, in . . . ---------- 11.76 0. 9s

Angle of forebcdy keei, den-..........-_-—. 20 ~i)

Angle of aftwbady keel, den-...-..-.-.--_.-—. 5.0 &o

A@e betwsen keels, deg. -... -... -------- 7.0 7.0
Angle of dead risw: at step, deg

Exeludlng chine tie. --.__-- . . ..-— . . . . 20.0 23.0
Including chiie flee- ..- . . ..-—__._.-.— 17.5 17.S



TABLE 11.—INTLL OFFSETS OF LANGLEY TANK MODEL 180

I l_..l I ELM-breadths

ni.. I udf. I ‘at I I — —- . ——.
tmlcw bwm ~eym Major
aft of
F. P. Cii!]e

(d. 8X1S WI. WL WL WL WL WL WL W L
1 2 3 4 5 6 7 8

:: ‘y TV: VJJ W? Iv: TVIL wmL lVIL TV; VT:

— — — — . _ _ _ _ _

— — — ,_ _ _ _ _ _ _ _

station
W9L

—l—l—L—4—l—l—l—L4- l—–l—

0 0 0 0
— — — . . . . . _ . _ _

2.12 2,74 2.74 3.71 0.10 0,78 1.61
— — . — . _ _ _ _ _ _ _

4.25 3,77 &77 G.10 0,68 1.34 2.42 3.77

F. I’.

I-z
3.77 -1=-= 2.70 G

—— .

3.77 3.74 3..57

5.03 5.01 4. 8s

1.92 0.62
— — — — .
3.22 2.64 1,57

— . — — . — /— —

4.64 4,24 3.68 2.81 1.12 1
— — — — —

5. m :5, % 4.81 * 3.30 $1.75
— — —

6.21 6,92 5. E-3 4.99 4.27 3.23 1.23
— — - —

6.64 6.37 G.00 5.62 4. 8S 3.99 2.66

— — . —

— —

5.89 5.77 5. M L 21
— —, — — — — — . —1 — .

h 56 6.46 ii. 27 ~+J16_ ~: 3.86 2.91
. — ——

6.20 .5.14 4.99 4.70 4.27 3.65 2.70
— — r————
479 4.77 4.65 ZZ- 3.99 3.39 2445

— —— — — _— — — l— . _ IL___

8. M 5.03 5, 03 6.81 0.62 1, i5Q 2..59 4.42 ‘5.03 5.03
— — — —— . — . .

g ~ 5..91 6,”91

~ r I

+ +0. M 1.90 3.22 5, Q! 5.01 15.91, 5.91
,— — ,— — .

17.00
L

x %X- , L 40 3.23 6.22 6.60 6,.54 6.50 & .50
— — — . -— — — . . _.

21,25 ~ 6.92 &92 9,36 2.22 4.61 6.92 0.92 6.92 6.92 6.92
—
25.50 i 7.21

,— . — __ . _ _ _

7“21 $).76 0,26 292 5.68 7.21 7.21 7.21 7.21 7.21
- —— — —— . — . . __

29.75 ~ ?. 38 7.38 9.98 .71 :3.44 0.00 7.38 7.38 7.3’3 7.38 7.38

34. Oa ~ 7.48 “ — — ‘—
——

7.48 10.12 1.13 3.86 -ZZ- Z ~ z 7.48 7.48
— —— — — . _ __

38.26 — —7.50 7,,Jo 10,15 L 53 4.29 ,7. GO 7. S41 7.60 7. a 7. 5(I 7. G(I
— — — — —_ — — . _ __

42. M i 7.46 “’7:45 10.08 f 1.92 4.64 7.45 7.45 7.45 7.45 714$ 7.45
— — — — . —

46.75 7.34 7.34
— — — — l——

9.94 2.32 6.06 7.34 7.34 7.34 7.34 7.34 7.34
. — . — — —------ — — — —

61.00 7.20 7.20 9.74 2.75 ~.~ ~7,20 ,.26 7 ~ 7.~ .7.20
— — — . _ _ _ __

55.25 T — 7.01 9.48 6.97 .6.98 6.99 7.00 7.00
— —1 —’ . __ _ _ _ _

69. M 6.61 : 6.79 9.19
~ -, “

~ : ‘1

6.65 & 0s 6.70 6.71
—— — . — __ _ _ _

02.75 6,10 6.53 8.84 6.13 6.20 &2t, 6.31
— —- — ——— . _ _, _

z’ R ~ Ml ‘J , ,,,

1--- ~

L Al 5.56 “5.69 :&Z-
— .

4.46 5.93 8.02

E

4,.s.S 4.79 .5.01’ 5.24
— — — . ——— . . .

76..50 3.46 5. m 7.64 II _ 3.61 3.94 4.27 4.59
— — — —. . . _ _ _____

80.75 2.35 5.20 7.04 [ \ 2,90 3.00 3.45 I 3, so
— — — _.

86:00 1,14
6“W I I

— — —
4,80

~
— “ r--- 1. ~ 1,96 2. 4fj 3,01

— — — —.. . . _ _ _

?38.54 0 4.46, 6. Ott .48 1.03 1.63 I 2.21
— — — —.. _ _ _ _

93. Go

1---

3.94, 5.34 I .24 .Ill
— — — —. _ _ _

97.75
—..-”--

3.49 4.72 I

.5.032 —
5,91
—

6,50

3 b. i-u 6.S9 &78
— l-- .

6. .5a !0”48 6.39
— —

G.92 6.90 6.81
——

7.21 7.20 7.11
— — —

7.38 7.36 7.28
. — —

7.48 7. 4tl 7. 3s

4

6

6

&92

7.21

7.387

8 7.48

9

10

7.50 7,54 7.48

~ 7.43

7.40

7.367.45

11 7.34 I 7.34 I 7.33 I 7.20————
7.20 7,20 7.20 7.13
.—— —
7.00 7,00 7.01 0.96

12

13

14
— —

M13.74 6.77 6,78 ~
— ,— —

6. 3!3 6.46 6,52 6.6215
—l—L-..J—

16

17

18

19

5.9’4
—

6.49
—l-+-0.03 /6.20 6>23

6.71 :5.86 5.91

4.91 5.24 5.46 ‘5,66
— - -

x &70 5.00 6.15

~ ~ ~ ~

— — — —
20

stwn-
post

22

23

24

24

26

27

23

A. P. ‘k,1HI
4.42 4.45 4.37 4.15 3.78 3.20 2.26

— — — —— —— ,———

3.82 3.94 3. w 3.75 3.43 2.88 1.03
— —— ——— — ,—

a. 21 3.44 G 3.33 3.09 2.58 1.65
—— — — .— .— ——
2.45 2.82 2.99 2. !46 2.74 2.28 1,41 .91 0.06 0.48

— —— —————

L 35 2.10 2.43 2.54 237 1.97 1.45 1.17 1,02 ! .95 0.90
—— — — —. ____ _

.60 L 71 L 99 1.97 1.69 1.40 1.17 1.03 .69 .66
—— — — — ———

.20 1.27 1.47 L 30 ‘Z& ,94 .80 .84 .81
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TABLE 11.—MULL OFFSETS OF LANGLEY TANK N1(.)DEL 1El&(hnchcld

Ho[glIt Mow mrlxlmunlhun fmm l)asa line
Dls- IMrzht -

HoIIK1]l AIJOVBmtax[mum boom from lmm llno

Height ~[ ,I,ti,L&; IM#lt ImJxllt of ,nnx”
——.— —-—

Station Jlo ~W& ~i
‘nU1.loclc I’Jllttorrk

.I’, P, kocl canter —. .———.
11110 ,

.—

2 8 4151617 ,4 ‘1 2 3 4 , –, ,

. — —. . . — — . — ———. — . — — — . . — —

1?. 1?, o 10! 00 10.00
— — . — — . . — - — . .— — — . . — — — . —

1/2 2,1.2 G.00 0,41 10.36 14,07 7,89 8.26 18. N 12,w
— . .— — — . . — — — . . — — — — — — . — —

1 4.25 4, IXJ 7,42 10,36 16,40 G,6.5 !3.7(I 7. so 16.27 14.08 12,44
— — — . — . . . . — . . —. — . . — — . . .

2 8, i10 2.3$3 6,00 10.98 17,17 3,40 4.41 8339 5, wl &00 17,04 la, 02 1&83 14. 4Q 11,10
. — — — . . — — . . . — . — . — —

— — -lX- —3 ~q, 75 li. 00 10,30 18.30 2,83 3.00 3,84 4,48 4,88 18.24 17,87 17.24 16,24 14,03
— — — . . — — . — — — — . — — — — — — — —

4 17.00 1,22 4,23 10,?rO 10,16 1,78 2,82 2,88 3,41 3,01 4, 21 19.05 18,73 18,10 17. 2LI 16,w 18,76
. — — — — — — — — — — — — — — — — — — — —

i7 21, 2fi L O’i 3,07 1Q,30 1Q.72 L 47 1.90 2,.98 2,70 3.10 3.57 19.03 10. ;2 18,80 III. 00 10,83 16,03
— . . — — — — — — . — — — — . — — — — — —

o 26, Ml ,89 3,30 10,w! 20,12 L 27 L IN 2,03 2,40 2.77 3.11 3,20 20.03 Ifr,74 10.23 18.47 17.30 M, 70 12,70
— l— — — — — — — — — — — — — — — — — — — —

7 20,76 ,74 3.07 10.36 20, r14 1,10 L 48 1.84 2,20 2.67 2,90 &06 20.24 10,97 10. 4Q m, 74 17.70 16,17 13.51
— . . — — . . . — — —— . . — . . — — — —

II 34, cm .60 2; 02 10,36 20.48 , IN 1,32 l,wa 2,0.5 2.40 2. 7b 2.92 20. a~ 20,10 19,04 lx, 01 17,90 10,41 18.98
— — . . —— — — —-—. . — — — — — — . . — —

— 88,26Q .44 2.78 10.80 20.61 , no 1.17 1,64 L 90 2,28 2,00 2, 7s 20.41 20,14 10,06 18,04 17, Q2 16,4rl 14,00
— ‘— — — — — . — — — . . — — — . — — — —

10 42,50 .30 2.63 10,43 20, bl ,06 1,03 1,40 1,7(3 2. n 2,47 2,04 20,42 20!14 10.06 1& ‘w 17,00 I r3,41 19.88
. — — . . . — . — L — — — ‘— — — . — — — —

11 46, 71f , M 2,49 10,b13 20,60 ,61 , m L 25 1,61 1.08 2,32 2.50 20.40 20,12 10.82 18.80 17.83 1!3,23 1$ GII
. — — . . . — . . .— — — . . — — . . — —

12 b1,00 0 3,50 10,72 20,40 ,80 ,78 1,00 1,45 20,87 20.07 10, G7 18.81 17.73 10,00 12,00
— . . . . — — . — — . —. . — — — — . — —

19 66, 2b 1.85 9,80 10.M 20,43 20. Ml 20,04 lD, Ill 18.72 17.60 15,84 11,48
. — — . — —— — — . . — — . . — — — . — — .

14 6%60 I, 72 4, la 11.20 20.39 20.20 : 19,w 10.44 M! 03 17,41 16.60
. — — . — — . . . — — . .

M 63,75
— ‘— . . — — .

2.10 4, 38 11,50 20.34 20,23 19,w 19,35 ‘ 18,40 17, IQ 14, w
— — — — — — — -— — — — — — — — — — -— — —

16 NJ.00 2,47 4, 42 11,84 20,28 9.X4 m 17 10,83 10,24 18.32 16,88 14,12
— — —. — — — . — — .— . — — — . . — — — .

17 72,20 2.’84 4,47 12, 18 20,20 &m 20.10 lQ, 73 10.10 18.10 Ml.40
. — — . . — — . — — — . . .— — — — — — —

18 76,00 3.21 4,47 12.,57 20,11 0,20 Q,23 10, ma 19,61 18!02 17,81 15.80
. — — . . — —

19 ao, 7fl a, 78
— — . . — — — .

4,43 12,08 20,02 ‘
~ — . —

8,30 11,00 19,80 10. 4&l 18,7’2 17.48 M. m
. — — . — — — . . —

20 85!00 rl 06
. —— . . — . . . —-— —

4,37 13.41 10,al 0.10 7. w Q,80 19.70 10,m 18,47 17,00
— — — . . —. — . . . — —— . . — — . — — —

S:ta:
88.50 4,% 4,20 18,80 19,m 5, I&r 7.05 0,22 11,11 19,68 10, MI 18. 2!3 16,40

. — —— . . . . . . . .
22 03.50 u, 64

. .— — . . . . —— —
14,35 m, %0 &14 0. !$0 10,00 10,61 18.04 17,81 I ,_— . . . — . . — —. — . . — — . . — — —.

23 07, 7ii 8,62 14,83 19,Q(l 0,80 10.09 12,42 19,70 IQ, 3!5 18,70 17,24
. — — . . — . . . . — -— . .— . — . . —.

24 102,00 10, 2Q 15.36 22, tr2 11, a3 12.87 21,96 IQ,71 M, 30
. — — . . — — . . . — — . — — — . . ——

2G 100.2fi 11.02 15.80 12,70 N, 82 2I,1O 17,w I _. — — . — — — — —. . — — . . . — . — —.
$46 110,bO 13!46 10,42 14.09 21,80 III,O’a

. — — . . — — . . . — — . . — — — — ——
27 114,75 14.01 17,00 15,65 19. M

. — — . . — — . . . — — . . — — . — . . —
28 llQ, 04 Ill, 34 17,00
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